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Abstract — The detection of vessels in high resolution 
panchromatic satellite imagery is of high interest to the 
Navy.  A sophisticated software known as the Rapid Image 
Exploitation Resource (RAPIER®) was developed by 
engineers at the Space and Naval Warfare Systems Center 
Pacific (SSC PAC) [1][2][3]. RAPIER® is capable of 
detecting ships in satellite imagery by masking out land, 
searching for anomalies in the ocean, and reporting the 
detects as possible ship objects. However, if the image 
contains a high percentage of cloud coverage, a high 
number of false positives are triggered by the clouds. The 
work presented explores feature extraction methods to 
accurately distinguish clouds from ship objects in order to 
reduce the software false alarm rate. 
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I. INTRODUCTION 
In the defense community, software has been developed to 

detect and classify vessels in high resolution panchromatic 
satellite imagery. At SSC PAC, a group of engineers have 
developed sophisticated software to search for objects of 
interest in satellite imagery. This software framework is called 
RAPIER®, the Rapid Image Exploitation Resource. 

RAPIER® is capable of processing synthetic aperture radar 
(SAR) and panchromatic (visible spectrum imagery) satellite 
imagery and searches for objects of interest; specifically ships 
in a maritime environment. This is achieved by masking out 
land and searching for anomalies on the open ocean. The 
detections are saved as image chips, and are loaded into 
HyperText Markup Language (HTML) and Keyhole Markup 
Language (KML) files for the user to view. 

One of the limitations of RAPIER® occurs when processing 
panchromatic imagery from sensors such as Quickbird2, 
IKONOS, and Worldview 1 and 2. A high presence of clouds 
is captured from these sensors, a problem not experienced in 
SAR imagery. SAR imagers have the ability to penetrate 
through clouds, which captures data in the microwave and 
electromagnetic spectrum [4]. 

The presence of clouds in an image can be triggered by 
RAPIER® as an anomaly when processing panchromatic 
imagery. This causes the software to report detects at a high 
false alarm rate and increases processing time. The focus of 

this paper is to explore methods accurately distinguish clouds 
from ships in high resolution panchromatic imagery. This is 
done by examining various feature extraction methods. 

II. RELATED RESEARCH 
Texture is one of most unique features of a cloud, and can 

be used to distinguish it from ship objects. Several researchers 
have explored cloud textural analysis as a method to perform 
cloud type classification on lower resolution satellite imagery, 
such as Advanced Very High Resolution Radiometer 
(AVHRR) or other meteorological satellite imagery [5][6]. 
Textural analysis techniques such as Gabor wavelets and Grey 
Level Co-Occurrences Matrices methods were performed by 
these researchers. The work presented in this paper will 
explore the applicability of these techniques to higher 
resolution imagery such as those captured by IKONOS, 
QuickBird 2, and Worldview 1 and 2 for the purpose of 
distinguishing ships from clouds. 

In 2011, engineers from Tomnod Inc. were contracted by 
SSC PAC to research various cloud feature extraction methods 
to reduce the false alarm rate of RAPIER®. Their approach was 
to take image chips produced by RAPIER®, and classify the 
results into one of the four categories: ship, cloud, fast moving 
ship, and other, as shown in Fig. 1. Their research results are 
summarized in [7]. The paper focuses on two aspects: 
extracting features and applying supervised classification on 
these features. The feature extraction techniques discussed in 
the paper include Scale-Invariant Feature Transform (SIFT), 
Speeded-Up Robust Features (SURF), Histogram of Oriented 
Gradients (HOG), texture-based features, and ship-specific 
features [7]. Our research will explore alternative feature 
extraction methods to achieve better classification accuracy. 

 
Fig. 1. Dataset separated by the following four classes (left to 

right): cloud, ship, fast moving ship, and other. 
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III. FEATURE EXTRACTIO

A. Texture Analysis 
The textures of cloud versus ship ima

different from one another. Therefore, by 
image textures using computer vision te
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our classifier. 

The Gabor wavelet filter can be used to
information from an image. The 2D Gabor w
defined by the equations listed below [8]. 
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D. System Flow Diagram 
A final algorithm was developed to clas
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Fig. 10. Flow diagram of the finalized clo
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IV. RESULTS 
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